The recent expansion and intensification of natural rubber cultivation has been associated with widespread forest conversion, habitat and biodiversity loss, increased livelihood vulnerabilities and, in some cases, dispossession of land. While these issues have attracted considerable attention from scientific and academic communities, public awareness -particularly in terms of consumer demand for standards and certification -has been slow to develop in comparison to other agro-commodity crops. Drawing on the concepts of global value chain analysis, management swing potential and issue attention cycle, this article examines the relatively slow uptake of natural rubber eco-certification through a comparison of three case studies in Jambi (Indonesia), Xishuangbanna (China) and Kerala (India). This study finds that natural rubber certification has taken a path of least resistance, emerging in relatively short value chains characterized by high degrees of vertical integration where existing production practices require minimal adjustment to achieve certification. Although certification programmes often position themselves as transparent and accountable alternatives to government regulation, the success of these programmes is dependent on the continued presence of the state to establish the necessary institutional and social foundations for private regulation to operate successfully. Consumer pressure plays an important role in evoking sustainability initiatives and influencing standards, yet when disconnected from the specific issues associated with a particular commodity, public concerns may produce standards and forms of certification that need to be complemented by sub-national and national policy and programmes in providing solutions for ecosystem service and social problems.
Introduction
Natural rubber cultivation has expanded in a number of waves across Southeast Asia, southern China and South Asia since the crop was first introduced in the late nineteenth century (Fox & Castella 2013) . Between 1960 and 2000, the area dedicated to intensified rubber monoculture plantations in Southeast Asia approximately doubled, replacing vast areas of forests, swidden cultivation, rubber agroforests and other forms of subsistence agriculture (Aratrakorn et al. 2006) . Predicted increases in demand over coming decades combined with low rubber prices and displacement by more profitable crops such as oil palm suggests rubber cultivation in Southeast Asia could expand into as much as 8 million hectares of non-traditional growing areas throughout Laos, Cambodia and Myanmar by 2024 (Warren-Thomas et al. 2015) .
While in some cases rubber cultivation has provided significant short-term financial benefits for smallholders (Manivong & Cramb 2008; Sturgeon 2012; Fox & Castella 2013) , the expansion and intensification of natural rubber cultivation has in many cases resulted in habitat and biodiversity loss (Li et al. 2006; Ahrends et al. 2015; Warren-Thomas et al. 2015) , disruption of watershed functions (Ziegler et al. 2009b ), increased livelihood vulnerabilities -and in some cases -dispossession of land (Baird 2011; Fox & Castella 2013) . While concerns over the expansion and intensification of other agro-commodity crops have motivated interest in eco-certification -a form of market-based environmental regulation that aims to promote sustainable production practices through price premiums for commodities produced in accordance with ecologically and socially responsible standards -eco-certification of natural rubber has been much slower to develop.
Following the framework outlined in the companion article (Mithöfer et al. 2016) , our analysis draws on three strands of literature. The first strand, 'issue attention cycle', attempts to understand and predict patterns of public attention in response to environmentally or socially harmful production and business practices (Tomich et al. 2004 ). The cycle, driven largely by promotion of issues through public media outlets, runs through a series of phases, from initial awareness, through elaboration, negotiation and implementation of solutions to the eventual decline of intense public interest and re-evaluation (Tomich CONTACT Sean F. Kennedy sean.kennedy@ucla.edu et al. 2004 ). The second strand, 'management swing potential', refers to the extent to which different management practices for the production of a particular commodity result in variations in social or ecological impacts (Davis et al. 2013) . Palm oil, for example, is considered both the best and the worst currently known biofuel from a net emissions perspective, depending on where and the particular management practices under which it is produced (Davis et al. 2013 ). The third strand, 'global value chain analysis', seeks to understand how particular value chain characteristics give rise to particular forms and dynamics of value chain governance. We draw on Gereffi et al.'s (2005) value chain governance typology, which attributes differences in forms of value chain governance to three variables: (1) complexity of transactions, (2) codifiability of information and (3) capability of suppliers (Gereffi et al. 2005) . Based on the three strands of literature, we interrogate the following propositions in relation to the emergence and evolution of natural rubber eco-certification initiatives ( Figure 1 ):
(1) The public discourse on sustainability concerns and associated actions can be understood to be part of an issue-attention cycle, with predictable influencing progression between stages. (2) The emergence of sustainability standards, initiatives and certification is highly dependent upon the governance dynamics of global value chains (3) Public pressure evokes sustainability initiatives and shifts standard systems (4) Sustainability initiatives, standard-settings and certifications provide only partial solutions for ecosystem service and social problems.
Following an overview of the methods in Section 2, Section 3 provides an global overview of evidence on the four propositions outlined earlier. Section 4 presents case studies of Jambi Province (Indonesia) , Kerala State (India) and Xishuangbanna Autonomous Prefecture (China). Section 5 discusses the findings of the case studies with reference to the propositions outlined earlier, and Section 6 concludes the article.
Methods
This article combines structured literature review, analysis of global and country-specific secondary data and qualitative field visits. The review addresses the environmental and social impacts of natural rubber cultivation and emerging standards and certification programmes aimed at addressing these concerns. The literature review is based on an iteratively structured literature survey conducted through the Internet databases of 'ScienceDirect', 'ISI Web of Knowledge' and 'Google Scholar'. Combinations of keywords related to rubber cultivation and certification, i.e. 'natural rubber', 'natural latex', 'rubber agroforestry', 'certification' and 'standards', 'natural rubber certification', 'natural latex certification' and 'natural rubber standards', were used for the literature search. Additional sources were located in general forest management literature that refers to ecological and social impacts of rubber cultivation or the certification of other agro-commodities. The geographic scope of the natural rubber cultivation literature was limited to Asia -the epicentre of global production -while the literature pertaining to certification and standards was based at the global level. Primary case study data was collected through semi-structured interviews with rubber tappers and land owners, latex processors and distributors, local researchers and government officials in each of the study sites. Case studies were selected based on their long histories of natural rubber cultivation, their continued importance as sites of natural rubber production within their respective national contexts, as well Proposition 2: The way sustainability standards emerge depends on the structure of global value chain and intermediaries. as their importance at the global level. All three countries have experienced rapid expansion of natural rubber cultivation area and production volume over the past two decades (Table 1) . Secondary sources include relevant agricultural and trade data and analysis as it relates to rubber production available through national and international agencies.
3. Rubber in the global context: value chains, issue attention cycle and management swing potential
Natural rubber global value chain
Despite the advent of synthetic rubber in the early 1900s, natural rubber still accounts for over 40% of global rubber demand, in part due to its unmatched strength and tolerance to heat (IRSG 2015; Gouyon 2003) . Natural rubber (Hevea brasiliensis) is cultivated in smallholdings (typically 2-20 ha) or large estates operated by private or state-owned plantation companies. Across much of Southeast Asia, smallholders account for over 85% of production (Fox & Castella 2013) . Hevea is native to South America, yet cultivation today is concentrated in the Asia-Pacific region (Figure 2) . Thailand, Indonesia, Malaysia and Vietnam are responsible for over 73% of global production (FAO 2015) .
Smallholders are typically embedded in long supply chains (Figure 3 ) characterized by complex social relationships between farmers and a series of collectors, traders and other intermediaries en route to the final processing facility (de Haan et al. 2003; Arifin 2005; Marimin, Darmawan et al. 2014) . Upon reaching maturity at 5-7 years, raw latex is 'tapped' through shallow diagonal incisions in the tree bark and collected in small cups. The rubber tappers may be the plantation owners -as in the case of smallholder cultivation -or hired labour, as is the case with larger smallholder plantations and private and state-owned estates. In larger smallholder production systems, it is a common practice for smallholders to engage 'share tappers' who are typically compensated based on a predetermined portion of plantation revenue (Arifin 2005) .
Due to the difficulties in maintaining latex in its liquid form and the length of the chain from collection cup to processing, smallholders typically produce solid forms of rubber for use in automotive tyres. Natural rubber typically accounts for around 28% of a conventional automotive tyre compound by weight, with the remainder comprised of synthetic rubber (28%), carbon black (28%) and various functional agents (16%) (Ashley 2010) . The global tyre industry is highly concentrated, and in 2012 the top three manufacturers -Bridgestone (Japan), Michelin (France) and Goodyear (USA) -accounted for almost 40% of total global sales. Large producers source natural rubber from a combination of smallholder plantations and privately owned estates, the latter of which -as in the case of Bridgestone's operations in northern Sumatra and Firestone's operations in Liberia -are vertically integrated into the company's production structure. Tyres account for approximately two-thirds of global demand for natural rubber, with the remainder comprised of automotive components, industrial components, medical products and footwear (The Freedonia Group 2012) . China has surpassed the United States, France and Japan -the traditional hubs of tyre manufacture -to become the world's leading tyre producer, accounting for a third of global demand (FTP Securities 2013; UNCTAD 2015) . The shorter and often vertically integrated estatebased supply chain allows for the production of higher-grade liquid latex products, such as condoms, gloves and mattresses, which together comprise around 10% of the market (Gouyon 2003; Tekasakul and Tekasakul 2006) . In the case of higher-end products such as organic-certified latex mattresses, the value chain is even more tightly managed, with producers typically selling to only one processor, who in turn is the sole supplier for the final manufacturer. At the national and international level, supply channels consist of local brokers and traders that supply national downstream manufacturing and overseas brokers that supply overseas manufacturers of rubber goods (Marimin et al. 2014 ).
Swing potential
In its native Amazonia, H. brasiliensis was traditionally cultivated as a part of complex agroforestry systems, characterized by a diverse mix of plant and tree crops (Hecht 2013) . Rubber agroforestry can help address the limited agricultural productivity of staple crops by minimizing soil fertility depletion and improving dietary intake in poor communities (Powell et al. 2013) and, depending on the planting cycle, remain productive for up to 70 years compared with around 25-30 years for monoculture plantations (Lehébel-Péron et al. 2011) . 'Jungle rubber' -a particular form of rubber agroforestry system adopted by smallholders in central Sumatra in the early twentieth century (Joshi et al. 2000) involves the integration of rubber into existing shifting cultivation systems, thereby maintaining a forested landscape and preserving biodiversity and corridors for wildlife and other ecosystem services dependent upon to erosion and fire control (Bennett et al. 2007; Ekadinata & Vincent 2011; Therville et al. 2011; Schroth & Maria do Socorro 2013) . The mix of food and cash crops, as well as perennial species serving as sources of fruit, fuelwood and timber, results in a production system that is not only more ecologically rich compared to weed-free plantations, but also provides a level of income and food security not found in monoculture systems (Gouyon et al. 1993 ). Yet, these intermediate-intensity land-use systems have been squeezed out in between protected area conservation efforts and production zones (Dewi et al. 2013) .
Differences between smallholder and estate production systems are further differentiated depending on existing land use. While the conversion of tropical forests to rubber plantations leads to a considerable carbon storage reduction through the removal of above-ground biomass and soil organic carbon (Jawjit et al. 2010) , when established on degraded forest or agricultural land, rubber plantations have a carbon sequestration potential of up to 214 tonnes of carbon per hectare, almost five times higher than that of oil palm (Kongsager et al. 2013 ). (Marimin, Darmawan et al. 2014) .
Hevea is native to the humid regions between 10°N and 10°S, and traditionally grows best at low altitudes with temperatures of 20-28°C and average annual rainfall of 1800-2000 mm (Arokiaraj 2000; Gouyon 2003) . Recent expansion into marginal environments at higher altitudes with more variable climate -such as montane Southeast Asia -has resulted in production systems requiring massive alterations to existing landscapes and heavily reliant on external inputs (Priyadarshan et al. 2005; Ziegler et al. 2009b; Jawjit et al. 2010) . Repetitive cultivation on steep slopes accelerates erosion, streams sediment loads and increases the risk of landslides, while heavy use of fertilizer impacts local water supplies and soil quality (Ziegler et al. 2009a; Li et al. 2012) . In addition, the distribution of rubber across Southeast Asia coincides with four biodiversity hotspotsSundaland, Indo-Burma, Wallacea and the Philippines -posing a direct threat to primates, apex predators, birds, insects and other species that depend on complex tropical forest ecosystems for their survival (Warren-Thomas et al. 2015) .
Social and ecological impacts of particular production systems are also dependent on the institutional context. Where land rights and support services are provided, smallholder rubber cultivation has been found to be viable and profitable, yet in the absence of such protections, smallholders tend to face higher degrees of vulnerability and uncertainty (Fox & Castella 2013) . Rubber concessions in southern Laos that compete with agricultural and forest lands important to local people have resulted in polluted environments, scarce employment opportunities and lost access to essential land and resources (Baird 2011; Kenney-Lazar 2012) . In Laos, Cambodia, Vietnam and Myanmar, the introduction of intensive rubber monoculture plantations has led to intensified inequities, conflict over land, increased outmigration and loss of cultural identity (Fox & Castella 2013; van Vliet et al. 2012) . Peasants have been forcibly relocated to make way for rubber plantations, employed by armed groups to establish tracts of rubber and forced into planting rubber due to land-use restrictions (Fox & Castella 2013) . Foreign investors have been acquiring land with rich soils for low state rents, often without having to ensure that local people are compensated appropriately. In southwest China, the use of rubber expansion to promote neoliberal development objectives has also eroded traditional institutions and diminished the capacity of smallholders to tolerate fluctuations in land quality, market stability and climate (Xu et al. 2005) .
The issue attention cycle: emerging interest in natural rubber standards and certification
While plantation-level certification of rubber wooda major input for the global furniture industrybegan to emerge alongside Forest Stewardship Certification (FSC) and Programme for the Endorsement of Forest Certification (PEFC) timber certification efforts in the mid-1990s (Viana 1996) , certification of products derived from natural latex has been much slower to develop (Table 2 ). Early forms of latex certification -including Eco-Institute, LandesGewerbeAnstalt (LGA) and the ISO 9001 -are primarily producer-driven efforts to control quality and minimize health risks to end-users as opposed to sustainability at the plantation level. General consumer demand for 'environmentally friendly' products has led to the emergence of a number of natural rubber certification efforts, although these typically apply to niche latex products such as gloves, condoms and bedding. Haste to meet growing consumer demand has resulted in a landscape of disparate labels claiming varying degrees of social and environmental benefits. The California-based premium bedding and furniture supplier Global Latex, for example, currently holds six eco-labels for the latex component of its products (Figure 4 ), each of which differ widely in both the objectives and stringency of the standards they embody. In recent years, demand for an industry-wide third-party-verified certification programme has resulted in the development of the Global Organic Latex Standard (GOLS), considered the world's first comprehensive standard for organic latex products (Control Union Certifications 2012a). GOLS involves complete value chain certification, and contains environmental and social provisions relating to pollution management, energy and water conservation, safe working conditions and payment of living wages (Control Union Certifications 2012b). GOLS operates as a full chain-of-custody certification -tracking latex from points of collection, to centrifuging, manufacturing and processing -and currently applies to a range of finished and semi-finished latex products all of which contain a minimum 95% certified organic raw latex material of the total weight (Control Union n.d.). As of June 2014, there were seven companies certified under GOLS for the production of latex mattresses made with greater than 95% certified latex, located in India, Germany, Sri Lanka and the United States.
In contrast to the latex goods sector, progress in the tyre industry has been much slower to develop. Some of the leading brands have incorporated environmental concerns in their communication and management strategies by focusing on reduced energy consumption; substituting petroleum-based synthetic rubber with natural alternatives; reducing waste by increasing tyre lifespan or increasing the reuse, recycling and recovery of tyres (Gouyon 2003; Ashley 2010) . In 2013, the International Rubber Study Group (IRSG) announced the 'Sustainable Natural Rubber Action Plan', which aims to extend the reach of certification along the full length and breadth of the supply chain through a set of common voluntary rubber sustainability standards in an otherwise highly fragmented industry (IRSG 2013) . The plan intends to complement existing domestic economic, social and environmental programmes in natural rubber-producing countries and at improve production mechanisms in both new and traditional producing countries (ETRMA 2012). As of January 2016, 31 companies/organizations have registered under SNR-I, 23 of which have currently completed the self-declaration stage (IRSG 2016) .
With the exception of two recent reports on the human rights implications of rubber expansion in Laos and Cambodia (Leuprecht 2004; Global Witness 2013) , less attention has focused on the social implications of rubber cultivation. The main player in this area is the Heidelberg-based Fair Rubber Association, a multi-stakeholder initiative comprised of private sector and civil society representatives focused on improving working and living conditions for smallholder rubber producers, most of whom are located in Sri Lanka. The Fair Rubber Association currently has 12 private sector members engaged in the production of shoes, apparel and condoms using ethically sourced inputs (Fair Rubber Association n.d.). The Association also supports its producer partners in achieving FSC, exemplified by founder Dr Martin Kunz's role in the first FSC of a rubber smallholder group in 2011 (Hettiarachchi 2011) . To date, no similar programme operates in sites of serious human and labour rights violations such as Laos and Cambodia.
Case studies

Jambi province, Indonesia
Indonesia is the world's second largest natural rubber producer and exporter, with major export destinations including the United States (22.3% of total exports), China (19.3%), Japan (16.2%) and South Korea (5.7%) (BPS Indonesia 2014; Trade Map 2015) . Smallholders account for over 78% of production volume and over 85% of the total area under rubber cultivation (Fox & Castella 2013; GAPKINDO 2015) . Despite having the world's largest area devoted to rubber, Indonesia's productivity (0.86 t/ha) is the lowest of the top five producing countries, and almost half that of Thailand (1.64 t/ha) (FAO 2015) .
Jambi Province, Sumatra, contains over 500,000 ha of rubber plantations -roughly 10% of the total province area and almost 19% of national rubber cultivation area -and accounts for roughly 10% of national production volume (BPS Provinsi Jambi 2014). The Jambi rubber value chain ( Figure 6 ) is largely oligopolistic, with only nine rubber factories purchasing the produce of the province's 250,000 rubber smallholders (Kopp et al. 2014) . These factories collaborate closely through the association of the rubber-processing sector, GAPKINDO, which allows existing processors to block any potential new entrants to the local processing market (Kopp et al. 2014 ). The value chain structure prevents the accurate transmission of global price fluctuations to producers, as large buyers at the national and city level absorb profits before reaching small landowners at the village level. In addition, farmers are often bound to particular intermediaries due to psychological dependency, debt arrangements and the limited availability of alternative buyers (Arifin 2005) .
Farmers in Jambi first introduced rubber amongst the secondary vegetation and seedlings in their slashand-burn rice fields in the early 1900s . Jambi is adjacent to West Sumatra where matrilineal patterns of land inheritance prevail, and in the transition zone it is common for rice fields to be inherited in in the female line, while rubber agroforests and rubber plantations are male dominated in inheritance and management decisions. Yet, decisions on intensifying land use at landscape scale involve both genders (Villamor et al. 2013 ). Smallholder rubber agroforestry -known locally as 'jungle rubber' -became the dominant land use in much of the region over the twentieth century, and is generally recognized as a means of rubber production that preserves biodiversity and other ecosystem services (Bennett et al. 2007; Ekadinata & Vincent 2011; Therville et al. 2011; Villamor et al. 2014) . Levels of biodiversity in Sumatran rubber agroforests are around 50% lower than natural forests, but significantly higher than monoculture plantations (Therville et al. 2011) . Comparisons with secondary forests of equivalent age have generally been favourable, but details depend on the part of flora and fauna used for the comparison (Beukema et al. 2007; Jackson et al. 2012) . High rubber prices in the mid-1990s and early 2000s saw many smallholders shift to monoculture production, which many considered more profitable . Between 1973 and 2005, rubber agroforestry in Jambi's Bungo District decreased from 15% to 11%, while rubber monoculture increased from 0% to 30% and forest cover decreased from 75% to 30% (Ekadinata & Vincent 2011) .
Local and international research organizations have conducted numerous studies in Jambi to identify the extent (Ekadinata & Vincent 2011) and drivers of land-use change (Feintrenie & Levang 2009) , and proposed incentive-based interventions to promote rubber agroforestry as an alternative to monoculture rubber or oil palm Leimona & Joshi 2010) . In 2009, a joint KKI Warsi/ICRAF certification feasibility study financed by the Waseda-Bridgestone Initiative for Development of Global Environment of Japan analyzed gaps in applying Indonesian Ecolabelling Institute (Lembaga Ekolabeling Indonesia), FSC, and Fairtrade Labelling Organization standard in two Jambi villages and identified numerous economic benefits of agroforestry compared to monoculture production including lower labour intensity, greater flexibility to secure off-farm employment to stabilize livelihoods and lower initial establishment costs (Leimona & Joshi 2010; Villamor et al. 2014) . Despite these benefits, certification was found to be greatly impeded by the poor quality and low productivity of the local production system, something previous studies have attributed to an absence of government financial, education and marketing support for smallholders (Peramune & Budiman 2007; P. T. Data Consult, Inc 2010) .
Determining an acceptable price premium was another major concern, with local producers indicating anything less than 100% was insufficient to justify adopting agroforestry, while most companies were unwilling to pay a premium of more than 1-5% for certified green rubber (Leimona & Joshi 2010; Villamor et al. 2014) . In addition, the study identified limited data and monitoring capacity to assess status of agrobiodiversity and changes in land cover on a continual basis, inconsistency of national policy on non-timber forest products (NTFPs) harvesting and their retribution fees, weak local institutional capacity to manage the application of eco-certification and uncertain tenure arrangements as significant barriers to certification (Leimona & Joshi 2010) . Limited demand for certified rubber was raised as one concern, although buyers believed that this could be overcome, and that a market for certified products could be 'created' if desired.
To date, no operational rubber agroforestry certification programme has been established in Jambi. In the case of uncertain tenure arrangement, however, a village forest management right was awarded in 2009 in Lubuk Beringin village, Jambi, as the first one in Indonesia ).
Kerala, India
India is the world's fourth largest natural rubber producer, accounting for around 8% of global supply and 9% of global demand (Rubber Board 2013). Production is concentrated in the state of Kerala on the southwest coast, an area of roughly 40,000 km 2 with a tropical marine climate and home to the southern reaches of the Western Ghats mountain range -an internationally recognized biodiversity hotspot. Almost 13% of the state (517,500 ha) is devoted to rubber. Rubber was introduced as a colonial plantation crop in the early 1900s, replacing vast areas of tropical forest with a system of monoculture production that has remained the dominant form of production to this day. While estate plantations recently expanded into so-called 'nontraditional' areas -notably in marginal landscapes of country's northeast (Priyadarshan et al. 2005 ; Rubber Board 2013) -shortages of suitable land in Kerala brought about by a combination of forest protection policies and the expansion of non-agricultural land use have halted further estate-driven forest conversion (Chattopadhyay 2015) .
The share of smallholder production has increased from 65% in 1960 to 92% today (Rubber Board 2013), driven largely by government restrictions on the size of individual land holdings. The Indian government has long promoted rubber agroforestry as a means of improving smallholder income stabilization and food security (Siju et al. 2012 ), yet smallholder production systems have intensified and simplified due to legal and economic restrictions on growing trees (Guillerme et al. 2011) , government loans and subsidies tied to particular crops and particular management practices (Peyre et al. 2006) , and broader pressures from an increase in non-agricultural land uses, rising costs for agricultural inputs and falling commodity prices (John 2014) . As part of a shift to diversified income streams, smallholders are increasingly leasing out their rubber plots during the pre-tapping phase for cash crop cultivation, such as pineapple or cassava. This form of 'rubber agroforestry' -in a very loose sense of the term -has resulted in excess application of fertilizer and pesticides due to the divergent incentives and temporal considerations of the rubber-producing land owner and the short-term lessee (Rajasekharan & Veeraputhran 2002; Siju et al. 2012 ).
While previous attempts at natural rubber certification in Kerala failed to encourage sufficient participation from land owners (ATREE and CEPF 2013; CEPF 2014) , in recent years a number of smallholder producers have become certified under the GOLS, considered the world's first comprehensive standard for organic latex products (Control Union Certifications 2012a). Coco Latex, an export-oriented subsidiary of Duroflex based in Kerala, was the first company in India to adopt GOLS. Coco Latex is highly vertically integrated, and through relationships with Duroflex and its subsidiaries has direct control over plantation, manufacturing, and export and distribution activities. Half of the raw latex used in production is sourced from company-owned plantations; the remainder from independent smallholders with an average plot size of 2 ha. Farmers are organized through the Kerala Organic Rubber Farmers Association, which serves as a support forum for learning and sharing organic farming practices. The raw latex produced in these arrangements is used in the production of mattress cores and rubberized rubber coir (a blend of latex and coconut fibres), which in turn is transferred to a distributor for export to a small number of buyers located in the United States, Korea, Germany and the Middle East. Organic Mattresses Inc. (OMI) -one of Coco Latex's biggest customers -was one of the first American companies to obtain GOLS certification and currently purchases around 24 tonnes per month for use in its GOLScertified manufacturing facilities in Texas and California, where imported GOLS-certified latex foam sheets are used to produce GOLS-certified mattresses, mattress toppers and pillows.
The adoption of GOLS along the supply chain has been aided by existing production practices and value chain governance structures, emerging consumer demands and personal relationships. Coco Latex views certification as a prerequisite for accessing lucrative German and US markets. Close personal connections with German-Sri Lankan company MAL, a forerunner in the establishment of certified organic rubber cultivation practices in Sri Lanka, have informed this perception, while serving as an example of a successful certification experience. Coco Latex suppliers have long produced rubber with minimal chemical inputs, meaning minimal modifications were required to achieve GOLS certification, and price premiums paid to producers have been effective in discouraging the use of chemical fertilizer to boost yields. Coco Latex suppliers receive education on organic farming practices, both on-site and on field visits to organic production sites in Sri Lanka and Malaysia. OMI founder's personal experience with adverse reactions to certain chemicals has motivated that company's involvement (Bader 2011) , which sees GOLS certification as a necessary step in validating its claims concerning the health benefits of organic latex mattresses.
Consumers have also played a role, with OMI and associated retailers both noting that customers are willing to pay a price premium for organic rubber provided the organic claim is supported by thirdparty verification. The demand for environmentally friendly products is now considered one of the major drivers in the global latex mattress market (TechNavio 2014), and both manufacturers and retailers reported increased demand for GOLS-certified products. However, most retailers interviewed feel this trend is related more to general consumer Table 3 . Factors influencing rubber eco-certification uptake: a comparison of three case studies in Jambi (Indonesia) , Xishuangbanna (China) and Kerala (India). demand for 'green' products that minimize adverse health impacts than by specific concerns over rubber production practices and its impacts. Major challenges with GOLS include the costs of the certification assessment (suppliers must first be certified under the Indian National Programme for Organic Production; GOLS is an additional 200,000 INR or approximately 2900 USD per year), international competition and limited capacity to increase supply. Liquid latex production exposes smallholders to greater price fluctuations than the production of sheet rubber (which can be stored during periods of low prices), and the 3-year conversion period from conventional to organic methods creates a serious cash shortfall for smallholders short-term, thus limiting the ease with which supply can be increased to meet rising demand.
Xishuangbanna, China
China's demand for natural rubber has outpaced all other countries over the past decade. To maintain the appetite of the world biggest natural rubber consumer and tyre exporter, the Chinese government has been promoting intensive rubber plantations in marginal environments such as Yunnan, Hainan and Guangdong provinces, all of which lie well north of the 10°equatorial zone in which rubber has traditionally been cultivated (Fox & Castella 2013) . Concurrently, a 'Go Global' strategy promoted by Chinese central government has encouraged Chinese rubber enterprises to go abroad for natural rubber cultivation, especially in tropical Asia and Africa (CI Consulting, 2015) . Since Chinese domestic rubber production meets a mere 20% of its actual rubber consumption, the presence of a stable raw material supply chain from the upstream is key for secured development of the natural rubber industry. The top four Chinese rubber producers -Sinochem International Corporation, Hainan Rubber Industry Group Co. Ltd, Guangdong Nongken Rubber Group and Yunnan Agricultural Reclamation -are investing heavily in rubber planting through 'opium replacement' in Laos, Myanmar and northern Thailand (CI Consulting, 2015; Lu 2015) , and also through Economic Land Concession in Cambodia (Scheidel et al. 2013) . Through the 'Go Global' strategy, Chinese enterprises receive export tax reductions and other financial support from the central government for their rubber export from their rubber plantations abroad (CI Consulting 2015; Yi et al. 2015) . Under the strategy, Chinese investors and rubber producers are mainly practicing rubber monoculture in the plantations. However, with international pressure on high carbon/environmental footprints of Chinese automotive tyres (UNCTAD 2015; Xu 2015) , Chinese Ministry of Commerce, State Forestry Administration and UK Department of International Development are currently developing sustainable and responsible rubber cultivation and investment guideline, especially for Chinese rubber enterprises .
H. brasiliensis was introduced to Xishuangbanna during the 1950s in response to the American rubber embargo, generally in the form of large-scale stateowned monoculture estates intended to improve the nation's rubber security. From the 1960s to 1990s, rubber was employed as a means of developing the nation's frontier, and promoted as a scientific alternative to traditional farming practices that would aid 'backward' tropical ethnic minorities in attaining a modern consumer lifestyle (Xu 2006) . In the 1980s, reforms aimed to replace shifting cultivation practices with standing agriculture worked to support the expansion of smallholder rubber plantations by abolishing communal farming, and allowing smallholders to supplement their incomes through the sale of surplus food and cash crops (Fu et al. 2009 ). Rubber plantations are officially designated as forest in China, which has resulted in conversion from shifting cultivation and biodiverse rainforests to rubber plantations: somewhat inaccurately perceived as an environmentally favourable land use (Xu 2006) .
The autonomous prefecture of Xishuangbanna, located 22°N in southwest Yunnan Province, is one of the China's few tropical regions. The prefecture accounts for a mere 0.2% of China's total landmass, yet maintains 25% of the nation's biodiversity. The area also provides a suitable condition for rubberaccounting for 40% of national output -which has resulted in direct competition between wildlife habitats and plantations (Xu et al. 2005 Yi et al. 2014a) .
Rubber expanded from 1% of Xishuangbanna's landmass in the 1970s to 23% in early 2010s (Yi et al. 2014b ), resulting in a loss of over 370,000 ha of forest (Li et al. 2008 ). Between 1998 and 2004, income from rubber jumped from USD76 to USD451 per year, which in turn drove the expansion of land under rubber cultivation in Xishuangbanna to nearly triple between 2002 and 2010, and to account for more than a fifth of the area's total land (Xu et al. 2014) .
Downstream, there were about 97 rubber processing factories in Xishuangbanna in 2010, which mainly process standard China rubber (SCR) for large tyre producers including state-owned Yunnan Agricultural Reclamation and Sinochem International Corporation (Xishuangbanna Branch), as well as international rubber corporations such as Bridgestone and Michelin. There are no downstream rubber end-products producers in Xishuangbanna, and SCR, ribbed smoked sheet (RSS), latex and other processed rubber products are shipped to Shanghai, Shandong, Zhejiang provinces for further processing for tyres and other rubber end products.
Since the early 2000s, numerous ecologists and conservationists have documented the environmental costs of rapidly expanding rubber plantations in Xishuangbanna. Three major impacts include (1) reduction in soil organic carbon, inorganic nitrogen, leaf-litter decomposition rates and nutrient-use efficiency (Tang et al. 2010) ; (2) reduction in stream flow and underground water storage (Ziegler et al. 2009b; Guardiola-Claramonte et al. 2010; Tan et al. 2011) and (3) reduction in ecosystem services from natural forestry ecosystems, for example non-timber forest products, carbon storage, food provision, cultural/ aesthetic practices and biodiversity (Fu et al. 2010; Li et al. 2008; Xu et al. 2005; Yi et al. 2014b) . Researchers have also expressed concern over the vulnerability smallholders adopt by shifting from a diversified to a single income stream. In areas of Xishuangbanna, households that have traditionally derived income from a mix of rice, tea and fruit now derive over 80% of their income from rubber production (Fu et al. 2009 ). Increases in monoculture rubber cultivation in the area have led to a decrease in the number of cultivated upland rice varieties and overall upland rice production, as well as replacing food sourced through swiddening (Fu et al. 2009 ).
After nearly six decades of rubber monoculture cultivation, increased attention to the serious environmental impacts resulting from rapid monoculture rubber expansion has led to the national and provincial governments exerting considerable pressure on the Xishuangbanna prefectural government and the rubber industry to develop more sustainable production practices. Since the early 2000s, the Kunming provincial government centre has promoted Yunnan as a Great Cultural Province and a Green Economy Province, focusing on the province's cultural and biological diversity (Xu & Salas 2003) . At the prefecture level, the Xishuangbanna government has established the Bio-Industrial Crops Office and Leadership Group for Environmentally Friendly Rubber (LGEFR), both of which have been engaged in the design of marketbased eco-compensation/payment schemes to promote 'greener' rubber cultivation practices, particularly in terms of limiting further conversion of forest to rubber plantations (Hammond et al. 2015) . To date, engagement between the LGEFR and rubber companies has led to two companies establishing 8500 ha of demonstration plots managed according to the guidelines laid out by the LGEFR (Hammond et al. 2015) .
In this context, eco-friendly rubber -which aims to make rubber products 'green' while diversifying household incomes for smallholders -has become a priority within the 'Green Economy' initiative in Xishuangbanna. Due to the lack of an industry-wide standard for certified rubber, this initiative has focused on the upstream cultivation system of rubber, which is believed to be the most cost-efficient way for promoting green-products or eco-certificate of rubber in China. As proposed, the eco-certification initiative promotes rubber agroforestry and intercropping production systems, which is understood to be more diverse, productive, profitable, healthy and sustainable than the current monoculture systems. Rubber prices in Xishuangbanna have dropped significantly since 2008, and proponents of the Green Economy initiative view rubber agroforestry and intercropping as an effective means of diversifying smallholder household incomes, thus reducing smallholder dependencies on government subsidies. The intercropping systems/rubber agroforestry practices in Xishuangbanna have included rubber-tea, rubber-cacao, rubber-annual cash crops (e.g. pepper, Chinese medical herb, pineapple and beans) and rubber-hardwood. Rubber-hardwood is the main intercropping system and has been strongly promoted by local governments. To date, prefectural and local governments have invested nearly 2 million USD on 15,000 ha existing rubber plantations as demonstration sites for future green rubber promotion example in Jinghong and Mengla counties.
The implementation of environmentally friendly rubber at the landscape level currently faces a number of challenges, such as determining appropriate incentives to encourage improved management by smallholders, design of effective methods to decrease the expansion of upland rubber, delivery of training and knowledge of new techniques to smallholders and questions over the distribution of the 20% target for environmentally managed rubber across the region (Hammond et al. 2015) . Strong government regulation and certification promotion in China may make the development and implementation of eco-certification much easier from upstream control of the market value chain; however, to date, this remains to be seen. Table 3 provides a summary of the key factors influencing the uptake of natural rubber certification in each of the three case studies.
Discussion
Public discourse and pressures on sustainability concerns and associated actions
This section discusses Proposition 1 -Public discourse on sustainability concerns and associated actions can be understood to be part of an issueattention cycle, with predictable influencing progression between stages -and Proposition 3 -Public pressure evokes sustainability initiatives and shifts standard systems.
Despite over a decade of research on the viability of eco-certification as a means of improving the sustainability of rubber cultivation (Gouyon 2003; Bennett et al. 2007; van den Beemt 2011) , these calls for action have failed to elicit the extent of public concern and political prominence as seen in the cases of coffee, cacao or oil palm (see articles in this issue). The limited role of awareness raising by environmental NGOs or other advocacy organizations in shaping GOLS and the IRSG Sustainable Natural Rubber Initiative suggests the issue attention cycle for natural rubber has diverged from commonly accepted accounts of the environmental issue cycle, and is far from predictable (Tomich et al. 2004 ). Our findings support previous studies linking the divergence in certification uptake between natural rubber and coffee or cacao to the fact that the latter two, being physically ingested, have more immediate health impacts on consumers (van den Beemt 2011), and also the challenges of certifying a commodity based on extrinsic qualities such as biodiversity conservation or fair labour practices (Mutersbaugh 2005) .
Public pressure plays a key role in evoking sustainability initiatives and shifting standard systems, though the effectiveness of this role in terms of generating policy solutions that address core concerns is greatly constrained particularly for agricultural commodities, which have indistinguishable extrinsic qualities. Effective consumer-driven environmental policy is contingent upon well-informed consumers, but in the case of natural rubber -a relatively obscure industrial input produced far from the locations in which it is primarily consumed -quality information, and thus consumer awareness, including the simplest information such as whether rubber is a tree product, has proved to be greatly lacking. The wide variety of possible modes of natural rubber production, each varying in their relative social and environmental impacts, makes it difficult for consumers to easily discern its intrinsic qualities, i.e. between 'good' and 'bad' products, and also complicates identification of universally applicable 'best practice' as the basis for certification standards. In an effort to respond to consumer concerns over general issues use of chemicals use in processing, industry actors have developed a standard that largely neglects the specific environmental and social issues occurring at the smallholder or plantation level locating at the utmost upstream part of the value chain. Furthermore, our study suggests that although GOLS developed as an industryled response to broad consumer demands for 'environmentally friendly' products, its adoption by producers, distributors and manufacturers was largely informed by the personal experiences of, and relationships between key actors, influencing the degree of information exchange along the value chain.
Sustainability initiatives and global value chain governance
In discussing Proposition 2, that the emergence of sustainability standards, initiatives, and certification depends upon the dyanmics of global value chain governance, this study finds that, in the case of natural rubber, certification is more likely -although not certain -to emerge in relatively short value chains characterized by high degrees of vertical integration. Liquid latex supply chains are typically vertically integrated due to the need for close quality control, and in Kerala, this has helped to overcome issues with chain-of-custody management that have hindered certification efforts in other sub-sectors of the rubber industry. Eco-certification generally requires price premiums paid by consumers be accurately transmitted to primary producers in order to motivate sustainable production systems, yet this was prevented in Jambi, due to complexity of the value chain and accumulation of profits by traders and rubber factories (Arifin 2005) . In the case of tyre production, the benefits of vertical integration (namely economies of scale of estate-based production systems) may also act as a barrier to the adoption of standards that would entail a shift to more ecologically beneficial forms of production, such as agroforestry.
Variation in export-dependency across the three study sites suggests exposure to global markets is a necessary but insufficient requirement for certification. In the case of GOLS, international market linkages and connections with North American and European manufacturers and consumers have proved an important factor in driving certification efforts in Kerala. However, in cases where foreign consumers are unaware or unconcerned with negative production impacts, such as those linked to tyre production in Jambi, exposure to foreign markets will not necessarily lead to certification.
The noticeable absence of smallholders and environmental NGOs in the development of the standards presented here suggests the power to define and promote standards and eco-certification is skewed towards the downstream end of the value chain. Not only can large buyers use their market power to pass off risks of overproduction, natural losses and variations in cyclical demand to suppliers (Kopp et al. 2014) , we find that in Kerala, large buyers are using their power to define and promote certain standards and forms of certification. A similar situation has occurred with the development of the IRSG Sustainable Natural Rubber Initiative. In Xishuangbanna, smallholders have played a limited role in shaping rubber sustainability policy interventions such as certification, which has largely been planned at the provincial and prefecture level. The limited attention to smallholder concerns in most of the standards presented here suggests that power dynamics of value chains have direct implications in terms of the types of sustainability initiatives that are developed and the interests they reflect.
Limitations of sustainability initiatives
To discuss Proposition 4, that sustainability initiatives, standards and certification provide only partial solutions to ecosystem service and social problems, we start with one factor contributing to the 'success' of GOLS. The GOLS case shows that the programme appears to operate in areas in which little change is required to meet standards, thus doing little to address concerns identified in the rubber industry more broadly. Certification has been aided in India by significant government support that has led to higher yields and higher quality output, and the long history of production without chemical inputs required minimal changes on the part of producers to achieve formal certification. This contrasts with the Indonesian case in which the requisite changes to implement certification proved prohibitive in terms of costs and institutional requirements associated with monitoring, evaluation and land tenure. While efforts by major tyre companies to improve smallholder rubber quality and increase knowledge of rubber market dynamics in Jambi have been met with some success (Leimona & Joshi 2010) , the persistence of institutional barriers points to the need for state support in establishing the enabling conditions to allow certification programmes to develop. The cases of China and Indonesia show that sub-national and national government programmes have relatively more direct impacts towards environmental and social problems. In India and Indonesia, the existence of farmer groups and collective actions appear to be a major prerequisite for initiating certification initiatives.
While recent efforts of the IRSG suggest a positive direction for industry-wide certification, there will be a number of hurdles to overcome if the plan is to be successful. At present, the project appears to emphasize sustainability of supply more than sustainability in a strict environmental or social sense. The plan's focus on complementing rather than establishing higher environmental or social standards other than that required under local regulations suggests limited impact of this standard in countries characterized by weak environmental and social institutions and regulatory frameworks. As demonstrated in Jambi, to attract a price premium, the commodity itself must be a premium product. While the emergence of niche products indicates growing consumer interest in 'green rubber', until tyre manufacturers and other large rubber consumers feel sufficient market pressure to address sustainability issues along the full extent of the supply chain, certification efforts are likely to remain relegated to the fringe.
Conclusion
Despite increased interest in eco-certification of natural rubber in recent years, emerging certification efforts may fail to address many of the more serious impacts on environmental and social issues associated with the natural rubber production. Overall, consumer demands for 'environmentally friendly' and 'organic' products that lack consideration of rubber production systems and their impacts have resulted in a certification standard that require little adjustment on the part of the producer, do little to promote improved sustainable but intensive production practices such as agroforestry, particularly in involving smallholder farmers, and may ultimately fail to address larger concerns relating to deforestation and disruption of biodiversity conservation and ecosystem service provisions. Although certification programmes often position themselves as transparent and accountable alternatives to government regulation, the success of these programmes is dependent on the continued presence of the state to establish the necessary institutional and social foundations. Specifically, our case studies demonstrate that an active engagement on the part of the state in terms of planning and targeting commodity programmes to improve sustainable intensification, supporting social capital for strong collective actions and grassroots institutions at the local level and providing incentives for environmentally friendly agricultural practices is crucial to the successful development and adoption of certification. While consumer pressure plays an important role in evoking sustainability initiatives and influencing standards, when disconnected from the specific issues associated with a particular commodity, public concerns may produce standards and forms of certification that need to be complemented by sub-national and national policy and programmes in providing direct solutions for ecosystem service provisions and social problems.
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